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Summary  The  applications  of  metal  matrix  composites  are  increasing  day  by  day  due  to  high
strength to  weight  ratio.  In  the  present  work  Al—SiC—B4C  metal  matrix  composite  is  prepared
from sintering  of  mechanically  alloyed  powder  (ball  milling)  in  powder  metallurgy  processes.
Three different  combinations  of  compositions  in  volume  fraction  were  chosen  namely  90%Al
8%SiC 2%B4C,  90%Al  5%SiC  5%B4C  and  90%Al  3%SiC  7%B4C.  An  attempt  has  been  made  to  study
the characteristics  of  developed  metal  matrix  composite.  As  increase  in  percentage  of  B4C  the
micro hardness  of  the  metal  matrix  composite  has  increased  signiﬁcantly.  The  microstructure
of the  prepared  metal  matrix  composite  reveals  the  uniform  distribution  of  particles  in  metal
matrix.
© 2016  Published  by  Elsevier  GmbH.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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entroductionor  AMCs  generally  used  ﬁbres  are  SiC,  B4C,  Al2O3,  graphite,
tc.  (Surappa,  2003).  The  effect  of  SiC  particle  reinforced
MCs  is  investigated  by  Chennakeshava  Reddy  (2010). He
 This article belongs to the special issue on Engineering and Mate-
ial Sciences.
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icenses/by-nc-nd/4.0/).repared  all  MMCs  with  20%  SiC  reinforcement  of  differ-
nt  Al  alloys  which  gave  a  modulus  of  elasticity  of  68  GPa.
ffect  of  SiC  on  Al  matrix  was  studied  by  varying  weight
raction  of  SiC  5%  10%  15%  20%  25%  30%.  The  best  results
ere  obtained  at  45.5  BHN  and  36  Nm  impact  strength  at
5%  weight  fraction  (Singla,  2009).  Using  this  template  will
nable  you  to  prepare  your  paper  in  accordance  with  the
nstructions  for  authors  for  OP-2005  papers  with  a  minimal
mount  of  manual  styling  and  formatting.  Al2O3 is  also  used
s  ﬁbre  material  in  Al  MMCs.  Manufacturing  process  of  Al
MCs  reinforced  with  Al2O3 particles  was  investigated  by
icle under the CC BY-NC-ND license (http://creativecommons.org/
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BFigure  1  Sieve  analysis.
Wlodarczyk-Fligier  (2008).  Blending  of  aluminium  alloy  pow-
der  with  ceramic  particulate  ﬁbres  is  versatile  technique
for  production  of  AMCs  (Surappa,  2003).  Al  MMCs  reinforced
with  5  and  10%  (weight)  B4C  particles  is  processed  using
powder  metallurgy  technique.  Hardness  values  observed  are
78  and  82  BHN  (Abdullah,  2012).  Powder  metallurgy  tech-
niques  have  advantages  over  casting  method  by  eliminating
segregation.  Blending  the  mixture  to  achieve  homogenous
distribution  of  reinforcement  into  base  alloy  is  key  step
of  powder  metallurgy  (Cun-Zhu,  2007).  Al  SiC  composites
are  also  processed  using  powder  metallurgy  technique.  Here
0.5  wt.%  of  Mg  is  added  as  binder  (Purohith,  2012).  Research
was  also  conducted  for  hybrid  Al  MMCs.  Al  MMCs  reinforced
with  SiC  and  graphite  particles  is  fabricated  using  powder
metallurgy  technique  followed  by  forging.  This  shows  a  hard-
ness  value  of  83  BHN  (Asif,  2011).
Experimental work
Powder  characterization
The  powders  of  the  matrix  material  and  ﬁbre  particles
characters  are  examined.  The  composites  prepared  con-
sists  aluminium,  silicon  carbide  and  boron  carbide  materials.
Characteristics  of  powders  like  particle  size  distribution,
apparent  density,  and  tap  density  are  determined.  Particle
size  distribution  is  obtained  with  sieve  analysis  setup.  Sieve
analysis  equipment  is  shown  in  Fig.  1.  It  consists  of  number  of
pans  with  standard  mesh  openings.  The  sieve  analysis  setup
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Graph  1  Density  variations  of  different  po429
s  is  to  be  vibrated  for  about  30  min  for  separation  of  powder
ccording  to  particle  size.  Aluminium  powder  was  analysed
or  500  g,  silicon  carbide  for  250  g  and  boron  carbide  for
00  g.
By  visual  inspection  of  powders,  BSS  number  of  pans  to  be
sed  for  a  powder  is  decided.  Aluminium  powders  particle
ize  was  determined  by  pans  of  BSS  number  144,  100,  120,
00,  lid.  Silicon  carbide  powders  were  also  characterized
sing  same  size  pans  separately.  Boron  carbide  powders  were
haracterized  by  using  pans  of  BSS  number,  52,  60,  85,  120,
00,  and  lid.
pparent  density
pparent  density  of  a  powder  refers  to  the  weight  of  a
nit  volume  of  loose  powder,  usually  expressed  in  g/cc.  The
pparent  density  is  usually  determined  by  pouring  a  mass  of
owder  into  a  container  of  known  volume  and  measuring  the
eight  of  powder  which  completely  ﬁlls  the  space.  Apparent
ensity  of  aluminium,  silicon  carbide,  boron  carbide  parti-
les  are  tabulated  here.
ap  density
owder  density  to  be  estimated  of  known  mass  is  poured  into
he  tube  in  the  setup,  and  the  powder  is  tapped  with  the
elp  of  handle  and  cam  provided.  Volume  change  is  noted
or  every  5  taps.  The  greatest  increase  in  density  (decrease
n  volume)  occurs  during  the  initial  tapping  period  and  even-
ually  the  density  (volume)  becomes  constant.  This  process
f  tapping  is  done  for,  aluminium,  silicon  carbide  and  boron
arbide  individually.  Graphs  are  plotted  variation  of  tap  den-
ity  for  number  of  taps  which  is  shown  in  Graph  1.  Density
alue,  when  the  graph  touches  Y-axis,  i.e.  when  X  =  0,  which
eans  number  of  taps  is  zero,  indicates  the  apparent  density
f  the  powder.
lending/mixinglending  of  the  powders  is  achieved  by  Attrition  mill  as
hown  in  Fig.  3  to  obtain  homogenous  mixture.  An  attri-
or  consists  of  a  cylindrical  chamber  in  which  a  shaft  with
wders  in  different  stages  of  P/M  route.
430  
Figure  2  Balls  and  powders.
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RFigure  3  Attrition  mill.
mpellers  is  placed.  When  the  shaft  moves,  impeller  agi-
ates  the  steel  balls,  which  in  turn  taps,  vibrates  the  powder
laced  in  the  vial  as  shown  in  Fig.  2.  Because  of  this  tapping,
ibration,  impact  forces  and  shear  forces,  powder  particles
et  cold  welded  and  uniform  distribution  is  achieved.  Pro-
ess  variables  employed  in  the  present  work,  milling  speed
f  200  rpm  and  milling  time  of  2  h  is  maintained,  BCR  of  5:1
s  maintained  for  homogenous  mixture.
This  process  is  repeated  for  all  the  three  compositions
nd  the  powders  are  again  characterized  for  apparent  and
ap  densities.
ompacting
n  the  process  of  compacting  ﬁrst  the  dies  are  cleaned  with
cetone  so  that  the  powders  do  not  get  contaminated.  Then
 paste  of  zinc  stearate  (ZnO)  and  acetone  is  applied  to  the
ie’s,  for  easy  removal  of  green  compact  specimen.  After
pplying  the  paste,  composite  powders  are  weighted  to  15  g,
nd  are  ﬂowed  into  the  dies  individually.  Cylindrical  sample
nd  tensile  specimen  dies  are  employed  in  the  work.  After
owing  powders  into  the  die,  compacting  pressure  is  applied
radually  to  a  range  of  150  MPa.  When  the  force  is  applied,
ies  are  ﬁxed  to  the  upper  and  lower  punch.  After  proper
ompaction,  green  specimens  are  ejected  from  dies  and  it
s  ready  for  sintering.
Green  density  is  one  of  the  important  parameter  which
ecides  shrinkage  of  specimens  during  sintering.  Higher  the
reen  density  lesser  the  shrinkage  hence  green  densities  are
alculated  for  the  green  compacted  specimens.intering
he  green  compacts  prepared  are  kept  in  the  electric  fur-
ace  of  sintering  setup.  Nitrogen  gas  cylinder  is  connected
A
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o  the  furnace  in  such  a  manner  that  the  gas  is  ﬁrst  puriﬁed
rom  moisture  content  and  any  impurities.  Then  the  furnace
s  gradually  heated  at  the  rate  of  20 ◦C/min,  till  610 ◦C  tem-
erature  is  achieved,  then  the  specimens  are  maintained
t  this  level  for  15  min  and  then  heat  source  is  put  off.
he  specimens  are  furnace  cooled  till  room  temperature  is
chieved.
etallographic studies
he  sintered  samples  are  ﬁrst  rough  grinded,  then  polished
n  emery  papers,  and  are  polished  using  diamond  paste.
hen  the  sample  is  etched  with  kellers  reagent  Then  the
amples  were  examined  under  a  microscope.  The  setup  of
icroscope  used  and  the  microstructure  of  samples  are  pre-
ented  here.
ickers hardness test
echanical  properties  of  sintered  samples  are  determined
y  hardness  measurement.  In  present  study,  micro  hardness
est  or  Vickers  hardness  test  is  adopted.  Hardness  values
btained  by  the  Vickers  test  are  90%Al  5%SicC  5%B4C  22.36
HN,  90%Al  8%SicC  2%B4C  21.02VHN  and  90%Al  3%SicC  7%B4C
2.7.
onclusions
.  The  tendency  to  shrink  during  sintering  seems  to
decrease  with  increase  in  apparent  density.
.  The  greatest  increase  in  tap  density  occurs  during  the
initial  tapping  period  and  eventually  the  tap  density
becomes  constant.
.  Tap  density  of  boron  carbide  is  more  than  silicon  carbide
which  is  more  when  compared  to  that  of  aluminium.
.  Tap  density  of  90%Al  5%SiC  5%B4C  is  greater  than  tap  den-
sity  of  90%Al  3%SiC  7%B4C  which  is  greater  than  that  of
90%Al  8%SiC  2%B4C.
.  Green  density  of  90%Al  8%SiC  2%B4C  is  greater  than  green
density  of  90%Al  5%SiC  5%B4C,  which  is  greater  than  that
of  90%Al  3%SiC  7%B4C.
.  Sintered  density  of  90%Al  3%SiC  7%B4C  is  greater  than
that  of  90%Al  8%SiC  2%B4C  is  greater  than  that  of  90%Al
5%SiC  5%B4C.
.  Hardness  value  of  90%Al  3%SiC  7%B4C  is  greater  than  that
of  90%Al  5%SiC  5%B4C,  is  greater  than  that  of  90%Al  8%SiC
2%B4C.
.  As  the  percentage  of  boron  carbide  is  decreasing  the
hardness  value  is  also  decreasing.
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